INTRODUCTION
============

Prostate-specific antigen (PSA) is widely accepted as a tumor marker for the screening, diagnosis, monitoring, and risk prediction of prostate cancer (PCa).[@B1][@B2] The introduction of PSA has resulted in a stage migration to clinically localized disease and a reduction in mortality. Although two recent randomized trials evaluating the effect of PSA-based screening on mortality reduction reported conflicting results, PSA screening appears to provide oncologic benefit.[@B3][@B4] However, PSA has limitations as a screening biomarker. First, it is organ specific and not cancer specific.[@B5] It also lacks sensitivity. In addition, PSA cannot distinguish between indolent and aggressive PCa.[@B6] Consequently, PCa screening using PSA has raised concern about over-diagnosis and overtreatment that might cause more harm than good.[@B7]

Considerable efforts have been made to address and overcome the limitations of PSA.[@B8] Recent investigations have focused on PSA isoform assays. In serum, 80%--95% of PSA exists as a complex with the small remaining proportion in an uncomplexed or free form. Free PSA (fPSA) comprises three isoforms: proPSA, benign PSA (BPSA), and intact PSA. There are also several truncated isoforms of proPSA, including \[-2\]proPSA, \[-5\]proPSA, and \[-7\]proPSA. The \[-2\]proPSA (p2PSA) isoform is the most cancer-specific, being preferentially concentrated in cancerous tissue on immunohistochemical staining and significantly increased in serum of men with PCa.[@B9][@B10] The Beckman Coulter prostate health index (PHI) is a Food and Drug Administration (FDA)-approved test that combines total PSA (tPSA), fPSA, and p2PSA. PHI is calculated as \[(p2PSA/fPSA) × √tPSA\]. Several studies demonstrated that PHI significantly improves the predictive accuracy for detection of PCa[@B11][@B12] and is associated with PCa aggressiveness[@B13] compared to either tPSA or free-to-total PSA ratio (%fPSA).

PCa is the fifth most frequently diagnosed cancer in males in Korea. The incidence of PCa in Korea has increased significantly, while the mortality rate has decreased steadily.[@B14] Korean PCa patients have worse disease characteristics than their American counterparts.[@B15] A significantly high proportion of PCa arising in Korean men exhibits poor differentiation.[@B16] Therefore, the accurate diagnosis and risk stratification of PCa using biomarkers might be more critical in Korean men and validation of biomarkers superior to tPSA is urgent in this population.

This is the first study to evaluate the clinical utility of p2PSA and its derivatives in a cohort of Korean men undergoing their first prostate biopsy. We determined the diagnostic accuracy of %p2PSA \[(p2PSA pg/mL)/(fPSA ng/mL × 1,000) × 100\] and PHI in predicting PCa. Association of these serum indices with aggressive PCa was also assessed.

METHODS
=======

Subjects and study design
-------------------------

The prospective, observational, multicenter (four institutions) study evaluated the diagnostic performance of p2PSA, %p2PSA, and PHI in comparison to the established markers of tPSA and %fPSA.

The study population included consecutive men aged 60--75 years with tPSA ≥ 3.5 ng/mL who underwent their first prostate biopsy for suspected PCa between June 2015 and August 2016. Exclusion criteria were prior history of PCa or other urogenital cancers, previous endoscopic surgery of the prostate, acute or chronic prostatitis within the preceding 3 months or untreated urinary tract infection, previous prostate biopsy, use of dutasteride or finasteride, and conditions like chronic kidney disease, hemophilia, or previous polytransfusion that could alter the p2PSA concentration.

Methods
-------

Prior to prostate biopsy, blood was drawn to measure the prebiopsy tPSA, fPSA, and p2PSA levels. The blood samples were processed using the Access2 immunoassay kit (Beckman Coulter, Brea, CA, USA). The analysis of the serum samples was performed using calibrated Access tPSA and fPSA assays at a single laboratory. Prostate volume was determined using transrectal ultrasonography (TRUS). All patients underwent TRUS-guided prostate biopsies according to a standardized scheme not using magnetic resonance imaging (MRI); at least 12 biopsy cores were taken, with additional cores taken if the performing radiologist felt more cores were needed for adequate sampling. The specimens were processed and evaluated by a single experienced genitourinary pathologist, who was blinded to the test results. PCa was identified and graded according to the 2005 consensus conference of the International Society of Urological Pathology definitions.[@B17]

Study end points
----------------

The primary end point was the diagnostic accuracy of serum %p2PSA (\[p2PSA pg/mL/(fPSA ng/mL × 1,000)\] × 100) and Beckman Coulter PHI, and a comparison of their performance with the established biomarkers (tPSA and %fPSA) in determining the presence of PCa at prostate biopsy. The secondary end point was the predictive value of these serum indices for aggressive PCa with Gleason score (GS) ≥ 7.

Statistical analyses
--------------------

The Kolmogorov-Smirnov test was used to assess the normal distribution of variables. Student\'s t-test and the Mann-Whitney U test were used for comparisons of normally and not normally distributed continuous variables, respectively. Bivariate and multivariate logistic regression models were fitted for the prediction of the presence of PCa and, in particular, PCa with GS ≥ 7 at biopsy. Goodness of fit of logistic regression models was checked using the Hosmer and Lemeshow test. Odds ratios with 95% confidence intervals were also calculated. Qualitative data were analyzed with the χ^2^ test.

Multivariate logistic regression models were complemented by predictive accuracy analyses. Predictive accuracy was quantified as the area under the receiver operating characteristic curve (AUC). To test the ability of %p2PSA and PHI in determining the presence of PCa at biopsy, these variables were added to the base multivariate model including age, prostate volume, tPSA, and %fPSA. The increase in predictive accuracy was quantified and AUCs were compared using the DeLong method.[@B18] The correlation between variables was tested using the Spearman\'s rho coefficient analysis. Statistical analyses were performed with SPSS Statistics version 21.0 (SPSS, Chicago, IL, USA). Statistical significance was considered at *P* \< 0.05.

Ethics statement
----------------

This study was approved by the Institutional Review Board (IRB) of each institution (approval number of Kangwon National University Hospital: KNUH 2015-04-004-001). The study protocol and the use of patient data for recruitment and follow-up were approved by the IRB of each institution before patient recruitment. All participants provide their written informed consent to participate in this study.

RESULTS
=======

From June 2015 to August 2016, 280 men underwent their first prostate biopsy at the four institutions. Of these, 246 patients were included in this study. Among the overall subjects, 155 men belonged to the subgroup with tPSA 3.5--10 ng/mL.

The patient characteristics of the 246 men and values of the various PSA parameters are presented in [Table 1](#T1){ref-type="table"}. The overall positive biopsy rate was 50.8% (125/246). Among the 125 patients diagnosed with PCa, 40 (32.0%) had GS 6 disease, 68 (54.4%) had GS 7 disease, and 17 (13.6%) had GS 8--10 disease. Compared to the negative biopsy group, age, tPSA, %p2PSA, and PHI were significantly higher in patients with PCa. On the contrary, prostate volume and %fPSA were higher in patients without PCa.

###### Demographic and clinical characteristics of all study subjects

![](jkms-33-e94-i001)

  Variables             Total                No cancer            Cancer               *P* value
  --------------------- -------------------- -------------------- -------------------- -----------
  No. of patients       246                  121                  125                  \-
  Age, yr               69.6 (8.7)           67.8 (9.1)           71.4 (9.0)           0.001
  Prostate volume, mL   39 (9--209)          46 (9--194)          34 (13--209)         0.001
  tPSA, ng/mL           7.8 (3.5--387.2)     6.6 (3.5--31.0)      10.0 (3.6--387.2)    \< 0.001
  %fPSA                 0.14 (0.01--13.09)   0.18 (0.03--11.11)   0.12 (0.01--13.09)   \< 0.001
  p2PSA, pg/mL          17.5 (0.7--349.6)    12.8 (2.6--69.7)     29.7 (0.7--349.6)    \< 0.001
  %p2PSA                1.2 (0.1--11.9)      1.2 (0.1--4.1)       1.8 (0.1--11.9)      \< 0.001
  PHI                   39.9 (0.7--721.3)    31.5 (0.7--197.8)    60.5 (1.7--721.3)    \< 0.001
  GS \< 7               \-                   \-                   40 (32.0)            \-
  GS ≥ 7                \-                   \-                   85 (68.0)            \-

Data are shown as mean (SD), median (range), or number (%).

SD = standard deviation, PSA = prostate-specific antigen, tPSA = total PSA, fPSA = free PSA, p2PSA = \[-2\]proPSA, PHI = prostate health index, GS = Gleason score.

Descriptive characteristics of the 155 subjects with tPSA 3.5--10 ng/mL are summarized in [Table 2](#T2){ref-type="table"}. The positive biopsy rate was 39.3% (61/155). In this subgroup with tPSA 3.5--10 ng/mL, mean age (69.6 vs. 67.3 years, *P* = 0.09) and median tPSA (6.2 vs. 5.9 ng/mL, *P* = 0.24) did not differ significantly between men with and those without PCa. In contrast, %p2PSA (1.7 vs. 1.2) and PHI (42.7 vs. 26.5) values were significantly higher (both *P* \< 0.001) in men with PCa. Conversely, %fPSA (0.12 vs. 0.19, *P* \< 0.001) and prostate volume (33 vs. 46 mL, *P* = 0.002) were statistically significantly lower in patients with PCa.

###### Descriptive characteristics of subjects with tPSA 3.5--10 ng/mL
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  Variables             Total               No cancer            Cancer              *P* value
  --------------------- ------------------- -------------------- ------------------- -----------
  No. of patients       155                 94                   61                  \-
  Age, yr               68.2 (8.5)          67.3 (8.9)           69.6 (7.5)          0.090
  Prostate volume, mL   41 (12--122)        46 (12--122)         33 (13--102)        0.002
  tPSA, ng/mL           6.1 (3.5--9.9)      5.9 (3.5--9.8)       6.2 (3.6--9.9)      0.240
  %fPSA                 0.16 (0.01--0.13)   0.19 (0.05--11.13)   0.12 (0.01--0.13)   \< 0.001
  p2PSA, pg/mL          12.8 (0.7--64.7)    11.4 (2.6--58.1)     18.4 (0.7--64.7)    0.001
  %p2PSA                1.3 (0.1--11.9)     1.2 (0.1--4.1)       1.7 (0.1--11.9)     \< 0.001
  PHI                   33.7 (0.7--235.2)   26.5 (0.7--128.4)    42.7 (1.7--235.2)   \< 0.001
  GS \< 7               \-                  \-                   32 (52.5)           \-
  GS ≥ 7                \-                  \-                   29 (47.5)           \-

Data are shown as mean (SD), median (range), or number (%).

SD = standard deviation, PSA = prostate-specific antigen, tPSA = total PSA, fPSA = free PSA, p2PSA = \[-2\]proPSA, PHI = prostate health index, GS = Gleason score.

In the whole population of 246 men, the AUC for tPSA, %fPSA, %p2PSA, and PHI was 0.683, 0.681, 0.761, and 0.797, respectively. The AUC of the subgroup with tPSA 3.5--10 ng/mL was 0.556, 0.685, 0.740, and 0.763, respectively ([Fig. 1](#F1){ref-type="fig"}). On univariate analysis, PHI was most accurate in predicting the results of the initial biopsy. PHI significantly outperformed tPSA and %fPSA, but not %p2PSA (*P* = 0.149) in the prediction of PCa. %p2PSA also significantly outperformed tPSA and %fPSA in the prediction of PCa (*P* \< 0.001).

![ROC curves of the prediction accuracy of PSA, %fPSA, %p2PSA, and PHI for prostate cancer at initial biopsy. (**A**) ROC curves in all subjects. (**B**) ROC curves in subjects with tPSA 3.5--10 ng/mL.\
ROC = receiver operating characteristic, PSA = prostate-specific antigen, fPSA = free PSA, p2PSA = \[-2\]proPSA, PHI = prostate health index, tPSA = total PSA.](jkms-33-e94-g001){#F1}

In the subgroup of patients with tPSA 3.5--10 ng/mL, multivariate logistic regression analyses also revealed that both PHI and %p2PSA were strong independent predictors, and that PHI significantly improved the predictive accuracy of a model including age, prostate volume, tPSA, and %fPSA ([Table 3](#T3){ref-type="table"}). To further assess the performance of the various parameters, we analyzed the data at a preset sensitivity level of 90%. At this sensitivity, PHI had the highest specificity of 68.3% while the specificity of tPSA was 21.2%. At a PHI cut-off of 22.9, 33 (21.3%) of 155 patients could have avoided undergoing a biopsy, while two patients with PCa would have been missed. However, no patient with GS 7 or greater would have been missed.

###### Logistic regression analyses predicting the probability of having prostate cancer at biopsy in patients with tPSA 3.5--10 ng/mL (n = 155)
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  Predictors                                        AUC of individual predictor (95% CI)   Bivariate analysis OR (95% CI); *P* value   Multivariate analysis                                                  
  ------------------------------------------------- -------------------------------------- ------------------------------------------- --------------------------------- ------------------------------------ ------------------------------------
  Age, yr                                           0.58 (0.49--0.67)                      1.0342 (1.0071--1.0766); 0.0089             1.0464 (1.0012--1.0930); 0.0463   1.0637 (1.0124--1.1172); 0.0136      1.0543 (1.0045--1.1060); 0.0300
  Prostate volume, mL                               0.31 (0.23--0.40)                      0.9722 (0.9542--0.9903); 0.0025             0.9663 (0.9456--0.9852); 0.0010   0.9826 (0.9632--1.0036); 0.1183      0.9821 (0.9613--1.0027); 0.0965
  tPSA, ng/mL                                       0.56 (0.46--0.65)                      1.1353 (0.9387--1.3721); 0.1913             1.1342 (0.9237--1.3923); 0.2285   1.0312 (0.8209--1.2957); 0.7913      0.9221 (0.7252--1.1733); 0.5106
  %fPSA                                             0.69 (0.59--0.81)                      1.0000 (0.9966--1.0018); 0.9134             1.0000 (0.9978--1.0020); 0.9764   1.0020 (0.9985--1.0050); 0.1253      1.0020 (0.9985--1.0040); 0.1950
  p2PSA, pg/mL                                      0.66 (0.57--0.75)                      1.0623 (1.0255--1.0985); 0.0010                                                                                    
  %p2PSA                                            0.74 (0.66--0.82)                      3.1145 (1.8642--5.2034); \< 0.0001                                            3.5012 (1.8550--6.6087); \< 0.0001   
  PHI                                               0.76 (0.69--0.84)                      1.0434 (1.0222--1.0647); \< 0.0001                                                                                 1.0463 (1.0200--1.0740); \< 0.0001
  AUC of multivariate models (95% CI)                                                                                                  0.7123 (0.6279--0.7973)           0.7702 (0.6913--0.8504)              0.7683 (0.6851--0.8430)
  Gain in predictive accuracy (95% CI); *P* value                                                                                                                        0.0582 (−0.0050--0.1208); 0.0713     0.0514 (0.002--0.1014); 0.0426

AUC = area under the receiver operating characteristic curve, PSA = prostate-specific antigen, tPSA = total PSA, fPSA = free PSA, p2PSA = \[-2\]proPSA, PHI = prostate health index, OR = odds ratio, CI = confidence interval.

^a^Base model includes age, prostate volume, tPSA, and %fPSA.

[Table 4](#T4){ref-type="table"} presents the comparison data between GS 6 disease and more aggressive disease. The PCa patients were divided into two groups according to the tumor aggressiveness (biopsy GS). PHI was also the strongest predictor of PCa with GS ≥ 7 ([Table 5](#T5){ref-type="table"}). The proportion of aggressive cancer increased with the PHI score ([Fig. 2](#F2){ref-type="fig"}). At the highest PHI interval (PHI \> 80), there was 98.4% of chance of positive biopsy with GS ≥ 7. The Spearman\'s rho coefficient analysis demonstrated a strong positive correlation between GS and PHI level (rho 0.757, *P* \< 0.001).

###### Comparison between GS 6 disease and more aggressive disease in PCa patients
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  Variables             GS 6                 GS ≥ 7               *P* value
  --------------------- -------------------- -------------------- -----------
  No. of patients       40                   85                   \-
  Age, yr               69.3 (9.2)           72.9 (7.9)           0.047
  Prostate volume, mL   34 (13--102)         33 (15--209)         0.981
  tPSA, ng/mL           5.8 (3.6--52.8)      14.3 (3.9--387.2)    \< 0.001
  %fPSA                 0.14 (0.01--13.09)   0.12 (0.03--0.47)    0.018
  p2PSA, pg/mL          14.1 (0.7--141.1)    37.6 (7.1--349.6)    \< 0.001
  %p2PSA                1.2 (0.1--3.8)       2.2 (0.6--11.9)      \< 0.001
  PHI                   33.6 (1.7--77.8)     85.6 (35.6--721.3)   \< 0.001

Data are shown as mean (SD), median (range), or number (%).

SD = standard deviation, PSA = prostate-specific antigen, tPSA = total PSA, fPSA = free PSA, p2PSA = \[-2\]proPSA, PHI = prostate health index, GS = Gleason score, PCa = prostate cancer.

###### Logistic regression analyses predicting Gleason score ≥ 7 in cancer patients
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  Predictors                                        AUC of individual predictor (95% CI)   Bivariate analysis OR (95% CI); *P* value   Multivariate analysis                                              
  ------------------------------------------------- -------------------------------------- ------------------------------------------- -------------------------------- --------------------------------- --------------------------------
  Age, yr                                           0.61 (0.50--0.72)                      1.048 (1.000--1.098); 0.051                 1.002 (0.941--1.067); 0.959      0.992 (0.923--1.066); 0.820       0.984 (0.890--1.088); 0.755
  Prostate volume, mL                               0.50 (0.38--0.62)                      0.997 (0.983--1.011); 0.663                 \-                               \-                                \-
  tPSA, ng/mL                                       0.83 (0.75--0.91)                      1.150 (1.057--1.251); 0.001                 1.306 (1.132--1.507); \< 0.001   1.397 (1.183--1.650); \< 0.001    1.387 (1.051--1.831); 0.021
  %fPSA                                             0.63 (0.51--0.74)                      0.006 (0.000--0.866); 0.044                 0.010 (0.000--3.470); 0.122      0.043 (0.002--1.064); 0.055       0.048 (0.002--1.055); 0.054
  p2PSA, pg/mL                                      0.80 (0.72--0.89)                      1.001 (0.999--1.003); 0.353                 \-                               \-                                \-
  %p2PSA                                            0.82 (0.74--0.91)                      4.057 (2.155--7.636); \< 0.001              \-                               4.996 (2.222--11.232); \< 0.001   \-
  PHI                                               0.97 (0.94--0.99)                      1.176 (1.098--1.259); \< 0.001              \-                               \-                                1.175 (1.090--1.268); \< 0.001
  AUC of multivariate models (95% CI)               \-                                     \-                                          0.857 (0.783--0.914)             0.925 (0.864--0.965)              0.977 (0.933--0.996)
  Gain in predictive accuracy (95% CI); *P* value   \-                                     \-                                          \-                               0.068 (0.019--0.118); 0.007       0.120 (0.063--0.177); \< 0.001

AUC = area under the receiver operating characteristic curve, PSA = prostate-specific antigen, tPSA = total PSA, fPSA = free PSA, p2PSA = \[-2\]proPSA, PHI = prostate health index, OR = odds ratio, CI = confidence interval.

^a^Base model includes age, tPSA, and %fPSA.

![Proportion of prostate cancer with GS ≥ 7 in relation to %p2PSA intervals (**A**) and PHI intervals (**B**).\
GS = Gleason score, PSA = prostate-specific antigen, p2PSA = \[-2\]proPSA, PHI = prostate health index.](jkms-33-e94-g002){#F2}

DISCUSSION
==========

The ideal biomarkers for PCa need to be able to distinguish PCa from benign prostatic conditions and to differentiate between aggressive and indolent cancers.[@B1] The inherent limitations of PSA have spurred intensive efforts for alternative PCa biomarkers that are noninvasive and have improved accuracy and risk stratification properties.[@B2][@B6] A growing armamentarium of novel PCa biomarkers has emerged in recent years. FDA-approved biomarkers include PHI, which is intended to distinguish cancerous and benign prostatic conditions in men ≥ 50 years of age with normal digital rectal examination results and tPSA levels of 4--10 ng/mL. This test determines the need of biopsy, thereby reducing unnecessary biopsies.[@B1][@B2]

PHI is reportedly capable of detecting PCa with a greater specificity than tPSA and %fPSA, with more power in discriminating high grade (GS ≥ 7) cancer from low grade cancer.[@B11][@B12][@B13] A meta-analysis has demonstrated that %p2PSA and PHI are consistently more accurate than standard reference tests in predicting prostate biopsy outcome and can guide decision making about prostate biopsy.[@B19]

Our prospective study reinforces the evidence that both %p2PSA and PHI are significantly more accurate in predicting the presence of PCa at initial biopsy compared to tPSA and %fPSA. The inclusion of %p2PSA or PHI in a multivariate logistic regression model resulted in significant increase of its predictive accuracy. At a biopsy threshold of PHI \> 22.9, 21.3% (33/155) of biopsies would have been avoided with no potentially aggressive cancer (GS ≥ 7) missed in patients with a tPSA range of 3.5--10 ng/mL. In other studies with similar results, at a cut-off for biopsy of PHI levels 25--32, 15.5%--45.2% of their cohorts could have avoided unnecessary biopsy; however, they would have missed 1.1%--3.8% of GS ≥ 7 PCa.[@B13][@B20][@B21] Although there is no consensus on the PHI cut-off for biopsy, lowering the cut-off level would be more prudent to avoid missing high grade PCa.

In the current study, PHI was also associated with more aggressive PCa and could increase the accuracy of the base model for predicting GS ≥ 7 PCa. The proportion of aggressive cancer increased with the PHI score. Similarly, a European prospective study showed that PHI was able to improve the prediction of GS ≥ 7 PCa,[@B22] although the results did not achieve statistical significance due to the relatively small number of patients. Given these results, it appears that PHI could serve as a guide for men who wish to be treated only if there is aggressive PCa.

There are racial differences in incidence and aggressiveness of PCa, which are explained by lifestyle and genetic differences. The incidence of PCa in Caucasian men is 5--10 times higher than that in many regions of Asia.[@B23] Koreans also have a lower incidence of PCa than Caucasians. However, Korean PCa patients have worse disease characteristics than their American counterparts.[@B15][@B16] Because most of the data regarding %p2PSA and PHI have been based primarily on Western populations, there has been a need to validate these biomarkers in Korean populations. To our best knowledge, our study is the first to examine the performance of %p2PSA and PHI in a cohort of Korean men undergoing their first prostate biopsy. Several previous investigations evaluated %p2PSA and PHI in Asian populations.[@B24][@B25][@B26] Similar to our findings, they showed superior performance of PHI to tPSA in Asian men.

Early evidence suggests that %p2PSA and PHI may also be able to predict prostate cancer aggressiveness on final histology after radical prostatectomy, as well as on prostate biopsies.[@B8][@B27] We plan to continue studies evaluating the association of %p2PSA and PHI with the pathologic characteristics of prostatectomy specimens in our cohort.

%p2PSA and PHI may have a role in monitoring men under active surveillance. In this regard, two recent studies are notable. The studies evaluated the predictive role of p2PSA and PHI in identifying those men with PCa who were enrolled in an active surveillance program who might be at an increased risk of disease progression.[@B28][@B29] Further studies are needed to define how %p2PSA or PHI could be used to select men that would derive the greatest benefit from an active surveillance program and how these markers could be incorporated into the follow-up schedule of patients.

Despite its strengths in study design, this study is limited by the relatively small sample size. However, this would not influence the main results. The present results will be helpful in that they provide the first evidence about the clinical utility of %p2PSA and PHI in Korean men. Further studies are required to determine the best cut-off values of %p2PSA or PHI according to the patient characteristics. Another limitation of this study is that we did not use multiparametric MRI. MRI could help detect and guide biopsies of anterior tumors that may escape standard TRUS-guided prostate biopsy.

In conclusion, our findings demonstrate %p2PSA and PHI outperform tPSA and %fPSA in predicting the presence and aggressiveness of PCa in Korean men. Although further studies are required, %p2PSA and PHI appear to improve detection of PCa and provide prognostic information.
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